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(54) Correction of DC and phase offsets In PSK receivers 



(57) A method of estimating the DC offset and the 
phase offset for a radio receiver operable in a digital 
passband transmission system, the method comprising; 
sampling a received radio signal at the symbol rate of 
the transmission system to produce a set of data sam- 
ples, processing each data sample in the set in order to 
determine a received signal point in signal space for 



each data sample, determining an associated constella- 
tion point in signal space for each received signal point, 
calculating the DC offset and the phase offset which 
minimises, for the set of data samples, the sum of the 
square of the random en'ors between each received sig- 
nal point and its associated constellation point. 
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Description 

The present invention relates to a method for estimating the DC offset and the phase offset for a radio receiver 
operable in a digital passband transmission system. 

5 Figure 1 shows a general arrangement of a known digital passband transmission system in which a data source 10 
emits a data symbol mn periodically every T seconds. The rate at which symbols are generated, transmitted and 
received in the system remains constant and is equal to 1/T. the syn^ol rate. An encoder 1 1 operates on the output 
(mo, m-i. tx\2, of the data source 10 by encoding each data symbol m^ into a constellation point s^,. which may be 
represented geometrically in signal space. The number of distinct possible constellation points is finite, and the set of 

10 constellation points which con'espond to the set of possible data symbols is known as the signal constellation. For each 
generated constellation point Sn, a modulator 12 constructs a distinct modulated signal Sn(t) of duration T seconds as 
the representation of the data symbol m^. An antenna 13 of the transmitter then transmits, in series, each modulated 
signal Sn(t) on a communications channel of the transmission system. A receiver operating in the digital passband trans- 
mission system receives via an antenna 14 each of tiie transmitted signals Sn(t) as a received signal rn(t) for a duration 

15 of T seconds. In otiier words, the receiver samples tiie received radio signal at the symbol rate of the transmission sys- 
tem to produce a series of data samples or received signals r^Ct). The task of the receiver is to reproduce the series of 
emitted data symbols mp by processing the series of received signals r^{\). This is acconnplished in two stages. The first 
stage is a detector 15 that operates on the received signal rn(t) for a duration of T seconds to produce an observation 
or received signal point which, like the constellation point, may be represented geometrically in signal space. A 

20 decoder 1 6 constitutes the second stage of the receiver and performs a decision making process on tiie received signal 
point r^ to produce an estimate m „ of tiie original message signal m^. The encoding and modulating process which 
occurs in tiie transmitter of Figure 1 typically involves switching (keying), for example, the phase of a carrier wave 1 7 in 
some fashion in accordance with the incoming data samples mp. 

A furtiier discussion of digital passband transmission systems may be found in chapter 8 of "Communication Sys- 

25 terns", Wiley, 3rd Edition, by Simon Haykin. 

A popular type of digital passband data transmission used in cellular telephone systems is M-ary phase shift keying 
(IVIPSK) or more specifically quadrature phase shift keying (QPSK). A known QPSK transmitter is shown in Rgure 2. 
Each message emitted from the data source 10 is converted into a constellation point Sp defined in the QPSK sys- 
tem by the two quadrature signals Sn[i] and Sn[Q]. The two quadrature signals modulate two orthonormal carrier waves 

30 which have the same frequency g>q but differ in phase by SO"". These two modulated signals Sn(t)[i] and Sn(t)[Q] are then 
summed to produce the transmission signal Sn(t). Figure 3 shows a known QPSK receiver which may receive each 
transmitted signal Sn(t) as a received signal rn(t). The received signal (jfi) is then fed into an 1 correlator 31 which 
retrieves the I component r^[\] of the received signal, and a Q correlator 32 which retrieves tiie Q component t^[Q] of 
the received signal. The signals rpll] and rn[Q] define the received signal point rp. 

35 The constellation point Sn and the received signal point tn of tiie QPSK system may be plotted in a signal space 
diagram witii tiie x axis representing the in-phase I component and the y axis representing the itf2 out-of-phase quad- 
rature Q component. Rgure 4 is an example of a signal space diagram showing a set of four received signal point r-i, 
r2, r3, and and ttieir associated constellation points s^, Sg. S3, and S4. 

in digital passband transmission systems employing MPSK and QPSK modulation schemes, it is known for a 

40 received signal point r^ to deviate from its associated constellation point s^. This may be the result of random errors 
which typically occur due to noise components being added to tiie transmission signal Sn(t) in tiie communications 
channel. Deviation of tiie received signal points may also be the result of systematic en-ors present in the received sig- 
nal points Tp. These systematic en-ors may be the result of a phase offset in the transmission system which rotates each 
of tiie received signal points in signal space. The systematic errors may also be the result of a DC offset in the ti'ans- 

45 mission system which translates each of the received signal points in signal space. 

The total DC offset present in tiie received signal points rn may be tiie result of a combination of DC offset sources, 
such as: 

a) The base band (data source and encoder) of the transmitter producing a DC offset. 

so 

b) Intermediate frequency or carrier residue at tiie transmitter. 

c) Intermediate frequency or carrier residue at the receiver. 
55 d) The base band of the receiver producing a DC offset. 

e) Interference from a system clock appearing as a DC offset superimposed on a particular channel. 
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Deviation of a received signal point from its associated constellation point Sn can be detrimental to the perform- 
ance of the receiver. Optimisation of the receiver helps to reduce the deviation so that the decoder 16 can perform the 
decision making process more accurately. Optimisation may involve improving the signal-to-noise ratio so that the ran- 
dom error component in the deviation resulting from noise is reduced. Optimisation may also involve reducing the sys- 
5 tematic en'ors in the deviation by estimating the systematic en-ors in the system and then eliminating the estimated 
systematic error from the received signal. 

A known method for estimating the DC offset in a receiver is to average the received signal points rp in the base 
band of the receiver to obtain a value for the complex DC offset. For example, the I components rjl] of the received 
signal points may be added together and the sum divided by the number of samples to yield an estimation for the I corn- 
to ponent of the DC offset, and the Q components rn[Q] of the received signal points may be added together and the sum 
divided by the number of samples to yield an estimation for the Q component of the DC offset. In order for the method 
to yield an accurate estimation for the DC offset, the number of received signal points N must be large enough to sig- 
nificantiy reduce the random en-ors in the received signal points. Also, to avoid any biasing errors, the method depends 
on the set of original constellation pdnts associated with tiie set of received signal points averaging substantially to 
15 zero. 

According to a first aspect of tiie present invention there is provided a method of estimating the DC offset and the 
phase offset for a radio receiver operable in a digital passband transmission system, the method comprising; sampling 
a received radio signal at the symbol rate of ttie transmission system to produce a set of data samples, processing each 
data sample in tiie set in order to determine a received signal point in signal space for each data sample, determining 

20 an associated constellation point in signal space for each received signal point, calculating tiie DC offset and ttie phase 
offset which minimises, for tiie set of data samples, ttie sum of tiie square of the errors between each received signal 
point and its associated constellation point. 

According to a second aspect of the present invention tiiere is provided a method of estimating the DC offset for a 
radio receiver operable in a digital passband transmission system, the method comprising; sampling a received radio 

25 signal at the symbol rate of the transmission system to produce a set of data samples, processing each data sample in 
the set. in order to determine a received signal point in signal space for each data sample, determining an associated 
constellation point in signal space for each received signal point, calculating tiie DC offset which minimises, for tiie set 
of data samples, tiie sum of tiie square of the enters between each received signal point and its associated constellation 
point. 

30 According to a third aspect of the present invention tiiere is provided a method of estimating the phase offset for a 
radio receiver operable in a digital passband transmission system, tiie metiiod comprising; sampling a received radio 
signal at tiie symbol rate of the transmission system to produce a set of data samples, processing each data sample in 
the set in order to determine a received signal point in signal space for each data sample, determining an associated 
constellation point in signal space for each received signal point, calculating the phase offset which minimises, for the 

35 set of data samples, tiie sum of tiie square of tiie errors between each received signal point and its associated constel- 
lation point. 

In a preferred embodiment the radio receiver is a phase-shift keying radio receiver. 

Preferably the step of processing comprises processing each data sample using a bank of con^elators. The bank of 
correlators may have a common input and ttie resultant conrelator outputs may define the received signal points in sig- 
40 nal space. The bank of correlators may comprise an in-phase I correlator and a quadrature Q con*elator. Alternatively, 
the bank of correlators may be a bank of matched filters instead. 

In a preferred embodiment the radio receiver is a quadrature phase-shift keying (QPSK) radio receiver. 
In one embodiment, prior knowledge of information contained in tiie received radio signal is used to determine an 
associated constellation point for each received signal point. This may occur when the receiver is expecting a known 
45 sequence of message symbols to be transmitted by tiie transmitter and consequentiy knows in advance the associated 
constellation point for each received signal point. 

In another embodiment, a decision aided process, performed by the decoder 16. is used to determine an assod- 
ated constellation point for each received signal point. In tiiis embodiment tiie method may be performed when tiie sig- 
nal-to-noise ratio is high to ensure that the decision aided process operates accurately. 
so According to a fourth aspect of the present invention there is provided a metiiod of estimating tiie DC offset for a 
radio receiver operable in a digital passband transmission system, using an algoritiim implementing ttie equation; 

N^^ A/-1 w-1 
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where u represents the DC offset, r„ represents the set of received signal points corresponding to a received signal 
sampled at the symbol rate, $n represents the set of constellation points associated with the set of received signal 
points, and N is the number of samples performed on the received signal. 

According to a fifth aspect of the present invention there is provided a method of estimating the phase offset for a 
5 radio receiver operable in a digital passband transmission system, using an algorithm implementing the equation; 

. A/-1 W-1 W-1 1 
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where v is an angle representing the phase offset. r„ represent the set of received signal points corresponding to a 
15 received signal sampled at the symbol rate. represent the set of constellation points associated with the set of 
received signal points, and N is the number of samples performed on the received signal. 

An advantage in accordance with the invention is that an accurate estimate may be made of the phase offset and/or 
the DC offset in the receiver using a relatively small number of received signal points. Hence, the estimation may be 
made accurately in a short period of time with simple processing. The method in accordance with the invention may be 
20 performed on a set of received signal points where the associated constellation points do not average to zero. This pro- 
vides a significant advantage over the prior art method. 

Advantageously, the method in accordance with the invention may use known short data patterns which already 
exist in the transmission system. This applies to most transmission systems that transmit short known patterns period- 
ically for house keeping purposes. In this case no extra bandwidth is wasted by using the method in accordance with 
25 the invention. 

Advantageous in the metiiods according to the fourth and fifth aspects of ttie present invention ttie terms: 

^s^and^i 

30 „-o NU'Zsf 

/)bO 



may be precalculated and stored in a look-up table in the receiver in order to reduce tiie processing required, particu- 

35 larty when tiie metiiod is performed more tiian once in the receiver. 

Ideally the set of received signal point have frequency and symbol timing en-or corrected for. 
In a preferred embodiment in accordance with tiie invention the receiver estimates the DC offset (In both I and Q 
patii) of tfie received signal at base band. The undesirable effect of tiie DC offset on the receiver performance can tiien 
be eliminated by performing the reverse transformation of the offsets on the received signal point. 

40 The systematic errors present in ti-ansmission system may change from time to time. Therefore, it is preferable to 
periodically calibrate or optimise the receiver by estimating the DC offset and phase offset using tiie metiiod in accord- 
ance with tiie invention and then eliminating tiie offsets in the received signals. Changes to the systematic errors may 
be caused by sudden temperature changes or by ageing of components in the receiver. Changes to the systematic 
errors may also be caused by tiie receiver locking to a different transmitter. 

45 Embodiments of tiie invention will now be described, by way of example, wrtii reference to the appended figures, in 
which: 

Figure 1 is a diagram of a digital transmission system; 
50 Figure 2 is a diagram of a prior art QPSK transmitter; 
Figure 3 is a diagram of a prior art QPSK receiver; 
Figure 4 is a signal space diagram for a QPSK system; and 

55 

Figure 5 is a signal space diagram for a digital passband transmission system incorporating the QPSK modulation 
scheme showing a received signal point and an associated constellation point. 
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A preferred embodiment in accordance with the invention will be described with reference to a digital passband 
transmission system incorporating the QPSK modulation scheme. The receiver is preferably a receiver of a mobile cel- 
lular telephone operating in a cellular telephone network. 

Referring to Rgures 2 and 3 there is shown a transmitter and receiver designed to operate in a QPSK digital pass- 
5 band transmission system. The transmitter includes signals Sn[l] and Sn[Q] which define the constellation point Sp. The 
receiver includes signals rn[l] and rn[Q] which define tiie received signal point rp. As the I and Q components of the sig- 
nals Sn and rn are on orthogonal axis it is convenient to represent the signals Sp and rn as complex numbers, witii the I 
component corresponding to tiie real part of the complex number, and the Q component con-esponding to the imaginary 
part of the complex number. 

10 Figure 5 shows a single received signal point rn and its associated constellation point Sp, plotted in tiie complex 
plane. In accordance witii tiie invention the relationship between tiie constellation point and tiie received signal point 
may be modelled in the following way: 

r„ = Gs„e'^ + u + e„ 1) 

15 

where 

G is the gain of tiie system. 
<p is a systematic error resulting from a phase offset. 
20 u is a systematic en'or resulting from a complex DC offset. 

Ep is a complex random error resulting from noise in the system. 

Reanranging equation 1), tiie complex random error is expressed in the following equation: 



in the QPSK modulation scheme the signal constellation has constellation points which lie on a circle in the complex 
plane, tiie circle being centred at tiie origin and having a unit radius. Therefore, each constellation point may be defined 
30 by its phase angle % as in the following equation: 

s,'e"- 2) 
35 The gain and the phase offset may be combined in a single complex variable A. such that: 

A = Ge'^P 

40 Consequentiy the complex random error Is now defined as: 

45 The square of tiie magnitude of tills random error Is given by the following equation: 

|£j2=(r„->\e'''^-a)(?„-^e"'''»-u) 

50 By summing tiie square of the magnitude of the random enror over the number of received signal points N the fol- 
lowing equation is derived: 

Z l^nl" = E (^n • - u){r„ . Ae^" - 'u) = L{A.u.Aru) 
55 naO hbO 



L(A,uAu) is tiie cost function for tiie system and in accordance with tiie invention in order to obtain the best esti- 
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mate for the DC offset and the phase offset this cost function must be minimised. By minimising the cost function, the 
random errors and hence the noise are also minimised. 
Minimising the cost function L with respect to u and 'R: 



A/-1 



f4 = 0=>X(^„->le""-u) = 0 
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Using equation 2): 
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Thus equations 5) and 6) provide a complex estimate for the complex DC offset u and the complec variable A. 
40 The DC offset for the I component r^fi] of the received signal point is given by Re (u). 
The DC offset for the Q component rr,[Q] of the received signal point is given by 
lm{u). 

The phase offset is given by Arg (A). 

The gain of the system is given by |A|. 
45 In a mobile cellular telephone the calculation of the DC offsets, and/or the phase offset, and/or the gain may be 
achieved in base band using an algorithm operating in a digital signal processor of the cellular telephone. The values 
for the I and Q components of the received signal points r^EI] and rn[Q] may be buffered in an integrated circuit of the 
cellular telephone and fed to the digital signal processor when required by the algorithm. 

According to the model of the transmission system defined in equation 1 ), the phase offset is constant over the esti- 
50 mation (summing) period. Therefore, in a preferred embodiment the DC offset estimation is carried out over 4 received 
signal points such that the estimation period is short enough for the phase offset to be assumed to be constant. The 
DC offset estimation is then repeated over successive sets of 4 received signal points to produce a set of DC offset esti- 
mations. These set of DC estimates are averaged to yield a final DC offset estimation. By calculating the phase offset 
for each set of 4 received signal points the variation of the phase offset with time can be determined which Is equivalent 
55 to the frequency offset of the system. 

Given a particular N. there is finite number of possible sequences for the set of transmitted constellation points Sn- 
Consequently, the possible values for: 
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^s„and 

5 

found in the equations for u and A niay be precalculated and stored as multiplicative factors in a look up table of the 
digital signal processor. The calculations for u and A may be performed faster in the digital signal processor using the 
look-up table as less computation is required. 

10 With the DC offset and the phase offset estimated, the received signal points can be adjusted in accordance with 
equation 1) to eliminate the DC offset and the phase offset. 

It should be understood that the foregoing description is only illustrative of the invention. Various alternatives and 
modifications can be devised by those skilled in the art without departing from the invention. Accordingly, the present 
invention is intended to embrace all such alternatives, modifications and variances which fall within the scope of the 

75 appended claims. 

The scope of the present disclosure includes any novel feature or combination of features disclosed therein either 
explicitly or implicitly or any generalisation thereof irrespective of whether or not it relates to the claimed invention or 
mitigates any or all of the problems addressed by the present invention. The applicant hereby gives notice that new 
claims may be formulated to such features during prosecution of tiiis application or of any such further application 
20 derived therefrom. 

Claims 

1 . A method of estimating the DC offset and the phase offset for a radio receiver operable in a digital passband trans- 
25 mission system, the method comprising ; 

sampling a received radio signal at the symbol rate of the transmission system to produce a set of data sam- 
ples, 

30 processing each data sample in the set in order to determine a received signal point in signal space for each 

data sample, 

determining an associated constellation point in signal space for each received signal point, 

35 calculating the DC offset and the phase offset which minimises, for the set of data samples, tiie sum of ttie 

square of tiie errors between each received signal point and its assodated constellation point. 

2. A method of estimating the DC offset for a radio receiver operable in a digital passband transmission system, ttie 
method comprising; 

40 

sampling a received radio signal at the symbol rate of the transmission system to produce a set of data sam- 
ples, 

processing each data sample in the set, in order to determine a received signal point in signal space for each 
45 data sample, 

determining an associated constellation point in signal space for each received signal point, 

calculating the DC offset which minimises, for tiie set of data samples, the sum of the square of tiie errors 
50 between each received signal point and its associated constellation point. 

3. A method of estimating the phase offset for a radio receiver operable in a digital passband transmission system, 
the mettiod comprising; 

55 sampling a received radio signal at the symbol rate of the transmission system to produce a set of data sam* 

pies, 

processing each data sample in tiie set in order to determine an received signal point in signal space for each 
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data sample, 

determining an associated constellation point in signal space for each received signal point, 

calculating the phase offset which minimises, for the set of data samples, the sum of the square of the en-ors 
between each received signal point and its associated constellation point. 

4. A method as claimed in any one of claims 1 to 3, wherein the radio receiver is a phase-shift keying radio receiver. 

5. A method as claimed in any one of the preceding claims, wherein the step of processing comprises processing 
each data sample using a bank of correlators. 

6. A method as claimed in claim 5, wherein the bank of conrelators have a common input and the resultant correlator 
outputs define the received signal points. 

7. A method as claimed in claims 5 or claim 6, wherein the bank of correlators comprise an in-phase I correlator and 
a quadrature Q conrelator. 

8. A method as claimed in any one of the preceding claims, wherein the radio receiver is a quadrature phase-shift key- 
ing radio receiver. 

9. A method as claimed in any one of the preceding claims, wherein prior knowledge of information present in the 
received radio signal is used to determine an associated constellation point for each received signal point. 

10. A method as claimed in any one of claims 1 to 8, wherein a decision aided process is used to determine an asso- 
ciated constellation point for each received signal point. 

1 1 . A method of estimating the DC offset for a radio receiver operable in a digital passband transmission system, using 
an algorithm implementing the equation; 

A/-1 N'^ /v-1 
II nap noQ noQ 

" " N'^ - - ..r 

where u represents the DC offset, represent the set of received signal points con-esponding to a received signal 
sampled at the symbol rate, represent the set of constellation points associated with the set of received signal 
points, and N is the number of samples performed on the received signal. 



12. A method of estimating the phase offset for a radio receiver operable in a digital passband transmission system, 
using an algorithm inplementing the equation; 



. W-1 A/-1 w-i - 



where y is a angle representing the phase offset, represents the set of received signal points corresponding to 
a received signal sanpled at the symbol rate, represents the set of constellation points associated with the set 
of received signal points, and N is the number of samples performed on the received signal. 



EP0851640A2 




EP0851 640 A2 



c 

CO 



+ — + 



to 





o 






O 


— H 




ay 
1 






CVJ 
LL 



C 






LU 




<o 












QO 




CO 



EP0 851 640 A2 



— JO 




CO 
D) 

Ll 




o 

c 



EP0 851 640A2 



Fig.4. 
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Fig.5. 
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